ABSTRACT. We have obtained the first time-resolved photometry of the double degenerate white dwarf/white dwarf binary star WD 0957Ϫ666. Light curves of the binary are essentially indistinguishable from light curves of nonvarying field stars. We detect no eclipses that have amplitudes larger than ≈0.04 mag. Using a simple geometric model predicting eclipse behavior in WD 0957Ϫ666, we use this result (along with a lower limit by Moran, Marsh, & Bragaglia) to constrain the system inclination to . i ≈ 62Њ-86Њ
INTRODUCTION
Double degenerate binaries containing two white dwarf (WD) stars are possible endpoints in the secular evolution of binary stars that initially contain low-mass main-sequence stars. Formation scenarios typically involve a common envelope phase (e.g., Sandquist, Taam, & Burket 2000; Han 1998 ). As binary stars, double degenerates offer a valuable opportunity to obtain reliable values for the masses and radii of WDs. They are also important as laboratories to investigate gravitational radiation and general relativity. For example, the emission of gravitational radiation, which causes the orbital separation of the stellar components to decrease over time, may cause some double degenerates to merge on timescales less than a Hubble time. Such merging systems may be progenitors of Type Ia supernovae (SNe Ia) (e.g., Saffer, Livio, & Yungelson 1998; Tutukov & Yungelson 1996) . WD 0957Ϫ666 was found to be a double degenerate binary in a radial velocity survey of DA WDs (Bragaglia et al. 1990 ). Moran, Marsh, & Bragaglia (1997) subsequently obtained a series of time-resolved optical spectra (6437-6677 Å , resolution 0.7 Å ). They measured radial velocity curves of Ha and used these data to fit a circular orbit model that yielded values of various system parameters such as the orbital velocities and mass functions of the two component WDs. Moran et al. (1997) also discovered the surprising result that the orbital period of WD 0957Ϫ666 is only 1.46 hr (refined spectroscopically to 0.06099312 days by Maxted, Marsh, & Moran 2002) . Bragaglia et al. (1990) had reported the likely orbital period as 1.15 days. At this period, the two WDs in this binary will merge within ≈ yr, but the total mass of the system (≈0.7 M , ) 8 2.0 # 10 makes it unlikely to be an SN Ia progenitor.
If WD 0957Ϫ666 is an eclipsing system, then its inclination can be accurately measured, which would allow the WD radii and masses to be determined without ambiguity. This would provide a useful check on both the mass-radius relation for WDs and the equations governing the emission of gravitational radiation. Moran et al. (1997) estimate a 15% probability that WD 0957Ϫ666 eclipses. We undertook the first time-resolved photometric study of this system in order to search for the presence of eclipses.
OBSERVATIONS AND ANALYSIS
We observed WD 0957Ϫ666 on 2000 January 20 and 21 UT using the Cerro Tololo Inter-American Observatory (CTIO) 0.9 m telescope with its dedicated pixel Tek CCD 2k # 2k optical imager. We utilized a region of interest on the 1k # 1k CCD to minimize readout time. Data were obtained in standard V and I C filters on January 20 and in B, V, R, and I C on January 21. Weather conditions were nonphotometric on both nights, with patchy clouds at the beginning and end of each night. In general, we observed WD 0957Ϫ666 with rapid time resolution in each filter (all exposures were 30 s with ≈43 s total per measurement including readout time) for an interval longer than its 1.46 hr orbital period. However, our I C data from January 20 are largely unusable as a result of very unstable sky conditions, and our I C observations from January 21 were cut short by the onset of thick clouds over the target region.
The image data were reduced in the standard fashion using IRAF. Aperture photometry for WD 0957Ϫ666 and several field stars (for comparison purposes) was performed using the IRAF task phot. The aperture radius was chosen to be 2.5 times the FWHM of the stellar point-spread function in the images. Table 1 gives a log of the observations and lists mean differential magnitudes for WD 0957Ϫ666 and our comparison stars. The comparison star used for each filter was chosen to have approximately the same apparent brightness as WD 0957Ϫ666 in that filter. The reference star, C1, is the brightest of our comparison stars in order to minimize its noise contribution to the differential magnitudes. Thus, the 1 j scatter of the comparison star differential magnitudes is approximately the value we expect for the differential magnitudes of WD 0957Ϫ666 if it is not variable.
We briefly reobserved WD 0957Ϫ666 and several standard stars (Landolt 1992 ) on 2000 February 01 UT under photometric conditions in order to calibrate the January data. We used a long exposure time (120 s) to minimize the intrinsic uncertainties of the photometry, resulting in typical signal-tonoise ratio (S/N) values of ≈500. To calibrate the magnitudes of WD 0957Ϫ666, we first added the calibrated magnitudes of the five comparison stars to the corresponding mean differential magnitudes from our January 21 data. This gave five estimates of the magnitude of WD 0957Ϫ666 for each filter, with associated uncertainties determined by adding in quadrature the uncertainties of the calibrated comparison star magnitudes and the standard deviations of the differential magnitudes. Finally, we averaged the five magnitudes in each band and calculated the corresponding uncertainty as the standard deviation of the mean. The uncertainties in the calibrated magnitudes are dominated by the propagated uncertainties of the transformation equations derived from the standard star observations. Table 2 lists the position (from the USNO-A2.0 astrometric catalog; Monet et al. 1996) and calibrated magnitudes for WD 0957Ϫ666 and, to aid in future observations, our comparison stars. The U magnitude given in Table 2 for WD 0957Ϫ666 was derived from the single image of the field taken on February 1, and its uncertainty has been estimated relative to the other data.
Our January V data are shown as differential light curves in Figure 1 . The light curves from the other filters (not shown here) are indistinguishable from the V data. As can be seen from the figure (and inferred from the standard deviations of the differential magnitudes in Table 1 ), there is essentially no difference between the light curves of WD 0957Ϫ666 and those of the comparison stars. We folded the light curves on the orbital period of WD 0957Ϫ666, but this did not yield any noticeably periodic behavior. We also searched for periodicities using both the CLEAN (Roberts, Lehár, & Dreher 1987) and phase dispersion minimization (Stellingwerf 1978 ) algorithms but did not find any periodic signal.
Predicted Eclipse Characteristics
We constructed a simple geometric model to predict eclipse behavior in WD 0957Ϫ666 that utilizes the system parameters determined by Maxted et al. (2002) , which have been updated by the addition of new data from those of Moran et al. (1997) . The model treats each WD as the circular projection of a uniform stellar surface and considers the reduction in apparent brightness when the less luminous WD occults the more luminous WD (i.e., the primary eclipse) at various inclinations, i. We estimated the radius of the more massive WD using the information in Althaus & Benvenuto (1997, as described by Moran et al. 1997) , R , . Using this as the zero R p 0.0237 1 point of the mass-radius relation gives an estimate of the radius of the less massive WD, R , . We note that these R p 0.0248 2 radii are uncertain for several reasons, including our interpolation of the data in Althaus & Benvenuto (1997) , the uncertainties on the WD masses in Moran et al. (1997) and Maxted et al. (2002; M 1 and M 2 are basically equal within ‫1ע‬ j), and so on. In order to at least qualitatively assess the effect of this, we performed a number of trials with our model that utilized slightly different radius combinations spanning the probable range of radii. This caused shifts of at most only a few tenths of a degree in the nominal inclination values described below. Thus, while we only list the inclination results that are appropriate for the specific radii values quoted here, we describe them as being approximate as a reminder that these nominal values change by small amounts over the range of slightly different (yet possible) WD radii.
We find that there will be no eclipse if . Further, i Շ 85Њ .1 eclipses will last at most ≈140 s in the case of a total eclipse (which occurs for ). Unfortunately, this means that any i տ 89Њ .8 eclipse of WD 0957Ϫ666 would have affected only four or fewer adjacent points in our light curves. This makes it unlikely that we could have detected an eclipse based on timing considerations alone. Figure 2 shows all of our V-band data folded on the ephemeris of Maxted et al. (2002) , which effectively doubles our time resolution. Although there are several localized groups of six to eight faint data points (e.g., at f ≈ 0.6 and 0.75) that are somewhat reminiscent of an eclipse, none of them is convincing as an actual eclipse. (None of them are more than a 1 j event, and the fact that several such features are seen, whereas only one primary eclipse is expected, suggests that they are just random fluctuations.)
If we assume the luminosity ratio determined by Maxted et al. (2002) , , then a total eclipse of the more lu-L /L p 5.14 1 2 minous WD component of the binary would result in a drop of ≈2 mag in brightness at eclipse minimum. Even one point in our light curves that deviated by this amount would have been noticed, which effectively rules out an inclination of more than 89Њ .8 for WD 0957Ϫ666. Figure 3 shows simulated primary eclipse profiles at several inclinations from our simple geometric model. The vertical axis of the figure is on the same magnitude scale as the folded light curve shown in Figure 2 , with the uneclipsed level of the simulated data set equal to the mean differential magnitude of the observed data (1.218 mag). For clarity, the horizontal axis has been expanded to show only the phase range around the eclipse. (The figure also shows the ingress and egress of the eclipse profile for to illustrate i p 90Њ the maximum possible eclipse width.)
The eclipse depth in Figure 3 first exceeds the maximum deviation of an individual data point from the mean of the data (marked with a dashed line just outside the 3 j deviation of the data) for . This inclination is our first estimate of i ≈ 85Њ .5 the smallest possible inclination that we could deduce from the lack of detectable eclipses in our folded observed light curve of WD 0957Ϫ666. However, this method only tells us the eclipse depth (and inclination) we could expect to detect if a noise-free eclipse profile were inserted into the noisy data. Thus, we next constructed a series of artificial folded light curves by starting with the simulated eclipse light curves from our model with the same data sampling rate as the folded light curve from Figure 2 and inclinations of 85Њ .2-85Њ .6 (in 0Њ .1 increments). We added random Gaussian-distributed noise (with mag, the standard deviation of the folded j p 0.00862 data) and shifted the phase of the eclipse center by a random amount to create 50 different light curves at each inclination. Finally, we attempted to visually identify the phase of the eclipse in each light curve and tabulated our successful detections when the selected phase matched the random phase offset used to create the light curve. For , we detected the i p 85Њ .6 eclipse in 100% of the artificial light curves. For , our i p 85Њ .5 success rate dropped to 78%, and then to 36%, 18%, and 0% for , 85Њ .3, and 85Њ .2, respectively. This Monte Carlo i p 85Њ .4 simulation gave a similar result to our noise-free light-curve test, namely, the inclination of WD 0957Ϫ666 must be , or we would be able to detect the primary eclipse in i Շ 85Њ .6 our folded observed light curve.
CONCLUSIONS
Our light curves of the double degenerate WDϩWD binary star WD 0957Ϫ666 are indistinguishable from light curves of nonvarying field stars. Comparison of our light-curve data with a simple geometric model based on the parameters and assumptions discussed in Moran et al. (1997) and Maxted et al. (2002) suggests a maximum inclination of . Combined i ≈ 85Њ .6 with the lower limit in Moran et al. (1997) , this constrains the inclination to a range of . The accuracy of this result i ≈ 62Њ-86Њ is only as reliable as the system parameter measurements and assumptions that went into our geometric model, but, at the very least, we are confident in concluding from our light curve data that there is no evidence for a deep ( mag) DV տ 0.04 eclipse in WD 0957Ϫ666. Additional time-resolved photometry at higher time resolution and/or with smaller photometric uncertainties can further constrain the eclipse behavior and corresponding inclination of this double degenerate binary.
